Aims To examine the unanticipated, excess mortality observed in patients randomized to clopidogrel and aspirin vs. aspirin alone in the prespecified 'asymptomatic' subgroup of CHARISMA, we investigated whether dual-antiplatelet therapy may be associated with adverse cardiovascular (CV) events in a primary prevention population. Methods and results Of 15 603 patients enrolled, 3284 were initially categorized as asymptomatic with CV risk factors, but 995 had a prior CV event, leaving 2289 patients to represent the primary prevention cohort. This subset was compared with 13 148 symptomatic patients with established vascular disease and both were evaluated for CV death and bleeding. A multivariate analysis analysed predictors of CV death in this group. No post mortem data were available. Compared with aspirin alone, a significant increase in CV death (P ¼ 0.01) was observed in patients receiving dual-antiplatelet therapy in the asymptomatic population. Within the primary prevention cohort, this excess CV death was not significant (P ¼ 0.07). Multivariate analysis of the primary prevention group showed a trend towards excess CV death (P ¼ 0.054; HR 1.72; CI 0.99-2.97) with dual-antiplatelet therapy (aspirin plus clopidogrel). Other independent predictors of CV death included increasing age, hypertension, atrial fibrillation, and a history of heart failure. There was a non-significant increase in moderate or severe bleeding (P ¼ 0.218) with dual-antiplatelet therapy; thus, bleeding was an unlikely explanation for the excess event rate. Conclusion These findings do not support the use of dual-antiplatelet therapy with clopidogrel and aspirin in a primary prevention population. In this subgroup analysis, CV death occurred more frequently than anticipated. The cause of this apparent harm is not elucidated, may represent play of chance, but requires further prospective evaluation.
Introduction
Aspirin has been shown to be efficacious in the secondary prevention of cardiovascular disease (CVD) 1 and may be a viable strategy for primary prevention after appropriate risk stratification. [2] [3] [4] Dual-antiplatelet therapy with aspirin and clopidogrel also has a well-defined role in the secondary prevention of CVD. The Clopidogrel in Unstable Angina to Prevent Recurrent Events (CURE) trial showed that dual therapy decreased coronary events by 20% compared with aspirin. 5 This strategy was then proven to be beneficial in the post-percutaneous coronary intervention (PCI) population in the PCI-CURE substudy and the Clopidogrel for the Reduction of Events During Observation (CREDO) trial. 6, 7 Subsequently, the Clopidogrel as Adjunctive Reperfusion Therapy-Thrombolysis in Myocardial Infarction (CLARITY-TIMI 28) trial and the Clopidogrel and Metoprolol in Myocardial Infarction Trial (COMMIT) established the efficacy of aspirin and clopidogrel in patients with ST-elevation myocardial infarction (STEMI) in patients receiving traditional pharmacologic therapy. 8, 9 The Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management, and Avoidance (CHAR-ISMA) trial investigated a dual-antiplatelet strategy in prespecified 'symptomatic' and 'asymptomatic' populations. 10 Patients with documented CVD were designated symptomatic, whereas those without documented CVD were characterized as asymptomatic. The primary efficacy endpoint was a composite of myocardial infarction, stroke, or CVD. The rate of the primary endpoint was 6.8% with the clopidogrel plus aspirin group vs. 7.3% with placebo plus aspirin (P ¼ 0.22). An excess of all-cause mortality was seen within the prespecified asymptomatic group (P ¼ 0.04) and the signal of harm associated with clopidogrel plus aspirin vs. placebo plus aspirin was sustained for CV death (3.9 vs. 2.2%; P ¼ 0.01). In contrast, in the symptomatic group, dual-antiplatelet therapy had no significant effect on cardiovascular mortality, despite a significant reduction in the primary composite efficacy outcome.
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In the CHARISMA trial, dual-antiplatelet therapy with aspirin and clopidogrel was anticipated to have benefit in an asymptomatic population, and so this signal of harm was unanticipated. This post hoc analysis was thus undertaken to investigate the potential risk of dual-antiplatelet therapy within a primary prevention population and if possible, to elucidate potential mechanistic insights.
Methods
We studied the prespecified asymptomatic subgroup of the CHARISMA trial. Of the 15 603 patients enrolled, 166 could not be defined as symptomatic or asymptomatic and were not included in the analysis. A total of 3284 patients were categorized as 'asymptomatic' but 995 of these patients had a self-reported history of coronary artery disease (CAD), percutaneous coronary intervention (PCI), bypass surgery, carotid endarterectomy, transient ischaemic attack, and peripheral arterial angioplasty or bypass but did not meet strict inclusion criteria for the symptomatic group-as documented in Table 1 of the primary manuscript. In order to define a primary prevention population, these 995 patients with prior events were excluded yielding 2289 patients. Of note, patients with peripheral arterial disease and no other cardiovascular events (n ¼ 163) were included within the 2289 primary prevention patients.
The primary prevention population and the secondary prevention population consisting of the 13 148 patients with prior events were then examined for demographic differences as well as differences in medication usage. The incidence of CV death, bleeding (according to the GUSTO criteria), and stroke were also studied. Source documentation was reviewed in the Cleveland Clinic Clinical Events Committee files to evaluate for post mortem data, but no such information was available. A multivariate analysis was then performed to determine independent predictors of mortality.
Statistical analysis
Baseline characteristics, medical history, and medication use are presented as median and ranges for continuous variables and as percentages for categorical data. Statistical comparisons were performed using the t-test for continuous data and the x 2 test for categorical data.
A multivariate Cox proportional hazards model was created to assess whether or not treatment with clopidogrel plus aspirin was still an independent predictor of CV death after adjustment of potential risk factors. All baseline characteristics, demographics, and medical history data were considered for adjustment. Kaplan-Meier curves were created to summarize time to CV death and GUSTO severe bleeding. Log-rank P-values are presented comparing clopidogrel plus aspirin vs. aspirin alone for time to CV death and Pearson x 2 test for bleeding. All analyses were performed using SAS 8.2 (SAS Institute, Cary, NC, USA).
Results
The study population consisted of 2289 primary prevention patients with CV risk factors. Baseline characteristics for the original cohort of asymptomatic and symptomatic patients as well as for the primary prevention and secondary prevention patients are outlined in Table 1 . The patients in the primary prevention group were significantly different from those in the secondary prevention group in every characteristic except for age. Of note, compared with the secondary prevention group, the primary prevention group had a significantly increased proportion of females, current smokers, hypertensives, hypercholesterolaemics, diabetics, and patients with increased body mass index and a lower proportion of patients with a history of atrial fibrillation and heart failure. Within the primary prevention population, the demographic comparison between patients randomized to aspirin plus placebo and the dual-antiplatelet strategy is given. In this group, patients receiving aspirin plus placebo compared with aspirin and clopidogrel were well matched except for a significant increase in diabetics in the dual-antiplatelet group (85.5 vs. 88.3% respectively, P ¼ 0.048).
In terms of medications, the patients in the asymptomatic group were treated very differently from the symptomatic patients-a finding which held true after patients with a prior CV event were removed from the asymptomatic group ( Table 2) . In comparison, the asymptomatic and primary prevention groups were treated more frequently with diuretics, calcium-channel blockers, angiotensin converting enzyme-inhibitors, angiotensin II receptor blockers, and anti-diabetic agents. Conversely, they were treated less frequently with nitrates, beta-blockers, and statins. Within the primary prevention group, patients on aspirin and placebo vs. aspirin and clopidogrel received comparable therapy.
The unadjusted data reveal no difference in CV death between aspirin and placebo vs. aspirin and clopidogrel in the symptomatic group (P ¼ 0.34; Table 3 ). In the asymptomatic group, the rate of CV death for single vs. dual-antiplatelet therapy are 2.2 and 3.9%, respectively (P ¼ 0.01). The primary prevention group shows directionally similar rates of CV death of 1.8% with aspirin plus placebo and 3.0% with aspirin plus clopidogrel (P ¼ 0.07; Figure 1 ). In addition, there are reduced stroke events in the clopidogrel arm seen in the symptomatic group which is significant in the secondary prevention group (P ¼ 0.04).
In the CHARISMA trial, there was a non-statistically significant 20% relative risk increase in the rate of the primary efficacy endpoint with aspirin plus clopidogrel when compared with aspirin plus placebo (6.6 vs. 5.5%; P ¼ 0.20) among the asymptomatic patients, and a significant reduction in the primary endpoint with a dual-antiplatelet strategy in the symptomatic cohort (6.9 vs. 7.9%; P ¼ 0.046). Interactions with treatment and study inclusion category were assessed for the primary efficacy endpoint, overall death, and CV death in a Cox proportional hazards model using terms for the treatment, inclusion category, and their interaction. The interactions were significant for all three endpoints (primary efficacy endpoint, P ¼ 0.045; overall death, P ¼ 0.02; CV death, P ¼ 0.01). After defining the primary prevention group, the interaction term is neither significant for overall death (P ¼ 0.15) nor for CV death (P ¼ 0.07, Figure 1) . A time-to-death analysis is shown in Figure 2 .
Multivariate analysis for CV death in the primary prevention patient population was performed and the results showed that aspirin plus clopidogrel was associated with an excess CV mortality with a hazard ratio of 1.72 and a confidence interval of 0.99-2.97, P ¼ 0.05 (Table 4) . Other independent predictors of increased mortality in the primary prevention population included age, elevated systolic blood pressure, a history of congestive heart failure, and a history of AF. Caucasian ethnicity was relatively protective. The relative risk for CV mortality as seen in each subgroup is further delineated in Figure 1 .
For the safety endpoints, an analysis of the original asymptomatic vs. symptomatic cohorts revealed no significant difference in GUSTO severe bleeding (1.6 vs. 1.5%, P ¼ 0.48, Table 5 ). This finding was sustained when the comparison was made with the primary prevention and secondary groups (1.7 vs. 1.5%; P ¼ 0.41). When rates of bleeding between aspirin plus placebo and aspirin plus clopidogrel were compared within the original cohorts, there was a significant increase in any bleed, minor/other bleed, and severe/moderate bleeding associated with aspirin plus clopidogrel in both the asymptomatic and symptomatic Table 5 ). In terms of moderate bleeding, there was a trend towards significance within the asymptomatic group (P ¼ 0.076), whereas there was a significantly increased rate with dual-antiplatelet therapy in the symptomatic patients (P ¼ 0.001). Finally, there was a non-significant increase associated with aspirin plus clopidogrel in the asymptomatic group for GUSTO severe bleeding not seen in the symptomatic group ( Figure 3) . There was no increase in severe bleeding within the primary prevention population (P ¼ 0.27). Finally, source documentation was reviewed in the Clinical Events Committee files to evaluate for post mortem data, but unfortunately none were available.
Discussion
Previous studies have demonstrated the utility of low-dose aspirin for primary prevention after appropriate risk stratification. [2] [3] [4] 12 The CHARISMA trial investigated the use of a dual-antiplatelet strategy in a broad spectrum of patients at risk for CV events. In the final analysis, there was a suggestion of benefit in patients with symptomatic atherothrombotic disease (relative risk, 0.88; 95% confidence interval, 0.77-0.998; P ¼ 0.046), but also a suggestion of harm in patients with multiple risk factors who were asymptomatic with an increased rate of death from CV causes among those assigned to aspirin and clopidogrel vs. aspirin and placebo (3.9 vs. 2.2%, respectively; P ¼ 0.01). 10 This excess mortality in the prespecified asymptomatic cohort was unexpected given the hypothesis that dual-antiplatelet therapy would be of overall benefit in this population. The current analysis was thus conducted to study the unanticipated mortality risk associated with dual-antiplatelet therapy in the asymptomatic population and, if possible, to understand its causes. By removing patients who had prior events from the asymptomatic cohort, we attempted to define a primary prevention population. In this population, there was no significant harm seen with aspirin plus clopidogrel in terms of all-cause mortality but there was a trend for increased CV mortality (P ¼ 0.07). The original asymptomatic cohort had a significant increase in death (P ¼ 0.038) that was sustained and persisted for CV death (P ¼ 0.007).
In terms of bleeding, the original asymptomatic cohort suggested an early and sustained risk of severe bleeding associated with aspirin and clopidogrel (P ¼ 0.065) when compared with the symptomatic group (P ¼ 0.39). However, this trend is not found within the primary prevention group (P ¼ 0.27) and so it would be difficult to attribute any excess CV mortality to severe bleeding. Of note, there is a marked increase in minor or other bleeding associated with aspirin and clopidogrel. Whether this increase in minor bleeding could predispose to intra-plaque haemorrhage and rupture is unclear. Source documentation was reviewed in the Clinical Events Committee files in an effort to define whether the CV events were due to ruptured plaque, but unfortunately, post mortem data were not available.
The trend for increased mortality observed in the primary prevention population may be due to a number of factors. First, this analysis reveals that the asymptomatic and symptomatic populations were remarkably distinct groups with significant variance in most characteristics ( Table 1) . These differences held true between the primary and secondary prevention populations. Within the primary prevention group itself, patients were relatively well-matched except for a higher preponderance of diabetes in the dual-antiplatelet therapy arm. Similarly, as would be expected, patients were managed quite differently between the asymptomatic and symptomatic cohorts as well as between the primary and secondary prevention cohorts, but the treatment was well-matched within the primary prevention group itself.
The increased incidence of diabetes in the aspirin plus clopidogrel arm vs. the aspirin plus placebo arm of the primary prevention population may have contributed to the mortality difference as diabetes is known to have an increased incidence of inflammation, neovascularization, and intracoronary haemorrhage. 13 Recent data have implicated intracoronary plaque haemorrhage as a critical factor in atherosclerotic disease and plaque destabilization, 14, 15 whereas pathologic studies have shown increased plaque haemorrhage at sites of vasa vasorum neovascularization [16] [17] [18] [19] which is associated with a hypercholesterolaemic diet 20 and diabetic atherosclerosis. 13 This association, of course, cannot imply causality. In addition, because of the increased incidence of diabetes in this group, diabetic nephropathy may have contributed to the impaired clearance of clopidogrel. Decreased renal function and its associated effects on dual-antiplatelet therapy thus requires further investigation. Finally, strict compliance monitoring by measuring clopidogrel metabolites was not performed. Long-term therapy with clopidogrel has been shown to have less variance in the degree of platelet inhibition. 21 Thus, it cannot be determined whether undetected non-compliance with study therapy may have contributed to platelet rebound activation and worsened outcomes.
The trend for increased CV mortality in the primary prevention group is also affected by the post hoc definition of the population. By defining the primary prevention population as a subset of the asymptomatic group, 995 patients were removed from the original 3284 asymptomatic patient group. While the original asymptomatic arm had a significant increase in all-cause mortality and CV mortality for dual-antiplatelet therapy, the reduction in power may be responsible for the non-significant trend (P ¼ 0.07) for increased CV mortality seen with dual-antiplatelet therapy in the primary prevention group. Conversely, because of the lack of a significant increase in hospitalization, myocardial infarction, or stroke in the primary prevention group with dual-antiplatelet therapy, the role of chance must be considered. For the secondary endpoint of CV death, MI, stroke, and hospitalization for ischaemic events no difference was seen in the asymptomatic group for aspirin and placebo vs. aspirin and clopidogrel.
The aetiology of the increased CV mortality associated with aspirin plus clopidogrel in a primary prevention population remains unclear. The role of diabetes and its role in 
Limitations
This study is limited by the post hoc retrospective nature of the analysis. In addition, the primary prevention population is defined to exclude the asymptomatic patients with a prior history of MI, PCI, CABG, CVA, TIA, carotid endarterectomy, and peripheral angioplasty or bypass to address the inclusion of patients with prior CV events in the prespecified asymptomatic arm of the CHARISMA trial. Another limiting factor was the lack of post mortem data to help define the mechanism of death better. Finally, strict compliance monitoring by measuring clopidogrel metabolites was not performed.
Conclusion
Dual-antiplatelet therapy with aspirin and clopidogrel in the primary prevention subgroup was associated with an increase in CV death. The cause of this apparent harm in this retrospective analysis is not elucidated, but requires further prospective evaluation.
